Abstract Neurocognitive dysfunction is a major clinical consequence in patients with obstructive sleep apnea syndrome (OSAS). The effects of continuous positive airway pressure (CPAP) treatment, as the gold standard of treatment in OSAS, on this major complication are controversial. The duration and compliance of CPAP are thought to be important factors but evidence is lacking. This study is designed to evaluate the effects of immediate (one night), long-term (3 months) influence and the compliances of CPAP treatment on the neurocognitive function in OSAS patients. We enrolled newly diagnosed severe OSAS patients. Neurocognitive function test battery, CANTAB (Cambridge Neuropsychological Test Automated Battery), was performed before, one night and 3 months of CPAP treatment. Patients with CPAP compliance rate C 70 % and \ 50 % were grouped into good and poor adherence subjects, respectively. Fourteen patients were enrolled in final analyses. Six of them were in poor compliant group. Improvements in attention domain were found in all subjects after one-night treatment and maintained till threemonth follow-up. Additional improvements in some attention performances and visual memory performances were gained only after three-month treatment. Significant changes of decision-making and response control function were found between good and poor compliance groups after three-month treatment. CPAP can improve some neurocognitive function at the very first day used. Longer treatment of CPAP can additionally improve some other neurocognitive functions. Compliance of CPAP has influence on the recovery of neurocognitive functions in patients with severe OSAS.
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Background
Obstructive sleep apnea syndrome (OSAS) is a common clinical sleep disorder that affects about 2-4 % of middleaged adults [1] . OSAS has been recognized as a significant problem associated with a wide range of physical and psychological consequences, including hypertension, increased risk of vascular disease and accident, depression, poor quality of life, attention deficit, poor alertness and cognitive problems [2] [3] [4] [5] [6] . The most common cognitive problems reported in OSAS patients are deficit on attention, memory and learning abilities, motor performance, constructional abilities and executive functions [2, 4] .
Continuous positive airway pressure (CPAP) therapy is the first-line treatment for OSAS [6] . Adequate CPAP treatment can ameliorate the cardiovascular morbidity and mortality in OSAS patients [5] [6] [7] . Patients do experience improvement on spirit at the very first day after CPAP usage but no report had ever focused on this. Compliance is the major concerned when chose CPAP as the treatment in patients with OSAS. However, the compliance of CPAP treatment in most sleep center is as low as 30-60 % [8] . The effects of CPAP treatment on the cognitive function are controversial with various results [2, 4, [9] [10] [11] . Various CPAP compliances, different measurement tools and condition are factors confounding these results [9] . However, the evidence about the duration of CPAP and the compliance with the changes of neurocognitive function is little.
This study is to evaluate the immediate (one night) and longer (3 months) period of CPAP treatment on the neurocognitive function in patients with OSAS. And we also compare the improvement of neurocognitive function between patients of different compliance.
Methods

Clinical Patients
The Research and Ethics Committee of the Chang Gung Medical Foundation approved the study protocol in advance (number: 98-3945B), and each patient provided informed written consent before participating. We prospectively included patients presenting to the Sleep Clinic for overnight polysomnography (PSG) between January 2010 and December 2010 who were more than 20 years old and had a chief complaint of habitual snoring. Because neurocognitive test battery use touch panel, participants who were left-handed dominated and had abnormal or not corrected-to-normal visual acuity were excluded. We excluded patients who had apnea-hypopnea index less than 30/h and who ever received oral appliance, surgical and CPAP treatment for OSAS. We also excluded subjects who had major medical disease because of these patients may have cognitive impairment, such as heart failure, chronic renal failure, liver cirrhosis, chronic obstructive pulmonary disease, hematological disease, autoimmune disease and cancer [12] [13] [14] [15] [16] [17] [18] . Patients with sleep disorder other than OSAS such as restless legs syndrome and periodic limb movements, neurological disorder, dementia, major psychiatric disorder, handicap, psychomotor retardation and had current use of any psychoactive or hypnotic medications were also excluded.
Polysomnography
Conventional overnight PSG (Embla N7000; Medcare, Reykjavik, Iceland) was performed in a sleep laboratory between the hours of 2200 and 0600-0700 to document sleep parameters and architecture. OSAS was diagnosed according to the recommendations of the American Academy of Sleep Medicine 2005 which apnea was defined as a cessation of airflow for at least 10 s and hypopnea was defined as an abnormal respiratory event with at least 30 % reduction in airflow compared to the baseline value and lasting at least 10 s and with equal or more than a 4 % oxygen desaturation or an arousal [19] .
Assessment of Daytime Sleepiness
The subject's daytime sleepiness was assessed by Epworth Sleepiness Scale (ESS). The eight-item ESS evaluated daytime somnolence in eight specific situations and generated a total score ranging from zero (best) to 24 (worst). A Mandarin Chinese version of the ESS was used with permission in this study [20] .
Neurocognitive Task Battery
Cambridge Neuropsychological Test Automated Battery (CANTAB), a widely used tool for assessment of patterns of cognitive function [21] [22] [23] [24] , was performed in our study. CANTAB included 4 major domains: attention domain, visual memory domain, decision-making and response control domain and executive function, working memory and planning domain. Each domain includes 2-5 subtests. According to prior empirical study, we excluded some of the tests in the CANTAB battery show significant improvements in performance with practice, and significant influenced by cultural difference [25] . Meanwhile, considering empirical data from OSAS associated neurocognitive function performance, we selected nine subtests from CANTAB included reaction time and rapid visual information processing from attention domain, delayed matching to sample from visual memory domain, information sampling task and stop signal task from decision-making and response control domain and intra/extradimensional set shift and spatial span from executive function, working memory and planning domain. All participants took CANTAB three times: the first test took before any treatment, then the second test at the very first day after CPAP treatment, and 3 months after CPAP treatment. Each time, the task was performed by our subjects during 9:00-12:00 a.m. Six healthy subjects without sleep apnea were invited to repeat this CANTAB for two consecutive days to evaluate the learning effect.
Continuous Positive Airway Pressure Therapy
Optimal therapeutic pressure levels were obtained from all subjects in advance. All participants were educated and applied whole night CPAP in sleep laboratory at first night. C-Flex TM (Respironic) was used at home for 3 months. The compliance rate of CPAP was downloaded from the record chip of CPAP machine every month.
Definition of Poor and Good Compliant Group
Compliance at home was objectively reported by software. The compliance rate is calculated as the days of use more than 4 h divided by total record days. Patients with compliance rate equal to or more than 70 % were grouped into good compliant subjects [26] . In order to clearly show the difference between groups, only patients with compliance rate less than 50 % were selected as poor adherent group.
Statistical Analysis
Data collected from CANTAB were continuous variables. Nonparametric two independent samples test, MannWhitney U test, was used to compare the variables between poor and good compliant groups. For excluding practicing effects, repeat measures ANOVA test was used for pretreatment and post treatment as well as between study and control groups comparison and observed power (using alpha = 0.05) estimation. All about tests were two-tailed, and a p value less than 0.05 was considered statistically significant. Statistical analyses were performed using Statistical Package for Social Sciences 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Totally, 14 patients completed the study and were enrolled in final analyses. Six of them were in poor compliant group. Table 1 shows the characteristics in overall subjects with poor and good adherent groups. No difference in baseline characteristic was found between poor and good compliant groups, except CPAP compliance rate.
In the data after one night of CPAP treatment, we found significant improvements in parameters of attention domain (simple movement time and five-choice movement time of reaction time, total and probability of hits, total miss, and total correct rejections of rapid visual information process) and decision-making and response control domain (Mean color decision latency and mean box opening latency) (Fig. 1a-d and Table S1 in the online supporting information). Most of these parameters remain significantly improved after 3 months of CPAP treatment except the mean box open latency which has the trend of improvement but not significant (Fig. 1a-d and Table S1 in the online supporting information). Some parameters show significant changes after 3 months of CPAP treatment only, such as the total and percentage of correction in visual memory domain, sampling errors, total and percentage of correction, number of box open in decision-making and response control domain ( Fig. 1e and Table S1 in the online supporting information). After 3 months of CPAP treatment, we found some neurocognitive functions are different between good and poor compliant groups in decision making and response control domain, such as discrimination error, mean percent and number of correction and mean number of box opened (Fig. 2 , all data at Table S2 in the online supporting information). No significant difference was found in the changes of other neurocognitive functions between poor and good compliant groups.
The improving score on the decision making domain is related to the latency of test performance which could be related to the improvement from reaction time; whereas the total and percentage of correct decision is not improved on these trials. But when we divided these score into good and poor complaint groups, we also noted that the correction and the decreasing of error improved on good complaint patients. In poor compliant group, these functions were getting worse (Fig. 2) .
Discussion
Our study found that just one day of CPAP usage do improve the neurocognitive function in patients with OSAS especially on the reaction time and most of these effects persist till 3 months of treatment. Some changes on visual memory and decision making and response control were only noted after 3 months of CPAP treatment. The compliance rate of CPAP had influence on decision making and response control.
There is no report regarding the one-night effect of CPAP treatment on the neurocognitive function. Most of neurocognitive studies evaluate at least 4 weeks after CPAP treatment [9] . Orth et al. report improvement of reaction time in 2 and 42 days of CPAP treatment on their study for good compliant patients [27] . Our data confirm this observation and prove even one night of treatment can improve on the reaction time. Yang et al. report a longer reaction time noted at the first and 7th days after CPAP withdrawal from stable CPAP user and regain the reaction time at the first day after CPAP use [28] . However, due to data variability, his result did not get statistical significance.
Most studies found improvement in attention and vigilance after CPAP treatment, while improvement in executive function was less reported [9] . Similar to these findings, improvement in attention domain with no change in executive, working memory and planning domain were also found in our poor and good compliant groups, both after one-night and three-month treatment. Thus, our population is fitted to general clinical findings and our results are more reliable in general practice. Antic et al. showed improvement on verbal memory and executive function but not vigilance after 3 months of treatment [29] . Our study as well as Monasterio et al. reaches similar results that visual memory and attention function were improved after 3 months of CPAP treatment [30] . Lojander et al. showed that longer CPAP treatment (12 months) was not associated with greater improvement in neurocognitive function [10] . When examining the scores on the Information Sampling Task that differed significantly between the groups, poor compliant group showed decrease in the number of boxes opened per trial and decreased percentage of correction as well as increase in discrimination and sampling errors. This profile indicates premature decision making before obtaining enough information, and therefore may reflect an increase in impulsivity. The increase of direction errors on the Stop Signal Task in poor compliant group further supports this possibility.
Compliance of CPAP influences on the effect of treatment in OSAS patients. Engleman et al. showed benefit in mental flexibility, attention, and speed of information processing in patients treated by CPAP 3.5 h per night whereas no improvement was noted if treated by 2.8 h per night [31] [32] [33] [34] . In our study, the correction and the decreasing of error in decision making and response control domains improved 3 months after CPAP treatment on good compliant patients. Whereas in poor compliant group, these functions were getting worse. Weaver et al. showed a dose response on day time function on CPAP duration after 3 months of treatment by MSLT and questionnaire [35] . Aloie et al. showed baseline neuropsychologic function have influence on the compliant rate and additional improvements in psychomotor speed and nonverbal learning was noted in compliant patients [36, 37] . Active intervention could improve the compliance rate in their study. This is not our cases because our baseline neurocognitive function is the same in both groups and no intervention was conducted in our patients.
Our study is subject to some limitations. Although the power of difference in changes of decision-making and response control domain were 0.64-0.96, relative small sample size may be criticized to statistically exclude the difference in changes of other domains. The small sample also excluded the possibility of changes in the other domains. A further study include more subjects is mandatory. Fig. 2 Changes of information sampling task (decreasing model) in decision-making and response control tests domain after CPAP treatment in different compliant groups. After three-month CPAP treatment, improvements in discrimination error (a) and mean probability of correct (b) were found in good compliant group, while worsening or just maintenance in poor compliant group. Maintenance in mean number of boxes opened per trial (c) and total correct (d) were found in good compliant group after three-month CPAP treatment while worsening of these neurocognitive test results were gotten in poor compliant group Our study shows that one night of CPAP treatment improves the neurocognitive function and the effect persists for 3 months. Different CPAP compliance can really influence the results of neurocognitive function test only in decision-making and response control domain in severe OSAS patients. Studies using other neurocognitive measures or randomizing subjects in different CPAP compliance should be done before explaining the lack of improvement in other domain of neurocognitive function is caused by inadequate CPAP compliance.
